If we assume a spherical element with a radius "r" within a specimen and the specimen is then subjected to a state of stress, the sphere will be deformed into an ellipsoid. The semi-axes of the ellipsoid will have the values of (r + ε x ), (r + ε y ), and (r + ε z ), which are replaced by d x , d y , and d z , or for the cubic case, a x , a y , and a z . In this technique, at a particular Phi angle (see Figure 1) , the two-theta position of a high angle (hkl) peak is determined at Psi angles of 0, 15, 30, and 45°. These measurements are repeated for 3 to 6 Phi angles in steps of 30°. The "d" or "a" values are then determined from the peak positions. This data is then fitted to the general quadratic equation for an ellipsoid by the method of least squares. From the coefficients of the quadratic equation, the angle between the laboratory and the specimen coordinates (direction of the principle stress) can be determined. Applying the general rotation of axes equations to the quadratic, the equation of the ellipse in the x-y plane is determined. The a x , a y , and a z values for the principal axes of the lattice parameter ellipsoid are then evaluated. It is then possible to determine the unstressed a o value from Hooke's Law using a x , a y , and a z , and the magnitude of the principal stresses/strains. . there would be such a dramatic change in the way the x-ray stresses measurements would be carried out. The use of computer controlled x-ray diffractometers, with sophisticated software to reduce the data and determine the residual stress/strain tensor has made stress analysis a routine technique. Examples of these developments include the work of B. B. He and K. L. Smith [2] , where they introduce the use of the two-dimensional detector for x-ray stress analysis. The twodimensional x-ray detector is able to record a large fraction of the diffraction cone, which will be distorted by the residual stress in the sample. It is this relationship of the stress tensor and the distortion of the diffraction conic that make this a very powerful method for stress analysis. The work of D. Balzar, R. Von Dreele and H. Ledbetter[3] have employed the Rietveld refinement of the diffraction patterns collected at different specimen orientations, the refined lattice parameters yield the strain components in the specimen. At the present time the sin 2 (ψ) method is probably the most popular technique used, it is very simple to use and the tabulation of the elastic constants for most materials of interest have been tabulated. This paper presents a different approach to x-ray stress analysis, which employs the lattice parameter ellipsoid. This method has proven to give results that are in good agreement with the conventional sin 2 (ψ) technique. However, it has one advantage over the sin 2 (ψ) technique, that is it integrates the data over many φ angles, where the sin 2 (ψ) technique only evaluates the data in one plane at a time.
INTRODUCTION
In 1925 H. H. Lester and R. H. Aborn [1] published their paper entitled "The Behavior Under Stress of the Iron Crystals in Steel". They could not have foreseen that during the next 81 years there would be such a dramatic change in the way the x-ray stresses measurements would be carried out. The use of computer controlled x-ray diffractometers, with sophisticated software to reduce the data and determine the residual stress/strain tensor has made stress analysis a routine technique. Examples of these developments include the work of B. B. He and K. L. Smith [2] , where they introduce the use of the two-dimensional detector for x-ray stress analysis. The twodimensional x-ray detector is able to record a large fraction of the diffraction cone, which will be distorted by the residual stress in the sample. It is this relationship of the stress tensor and the distortion of the diffraction conic that make this a very powerful method for stress analysis. The work of D. Balzar, R. Von Dreele and H. Ledbetter [3] have employed the Rietveld refinement of the diffraction patterns collected at different specimen orientations, the refined lattice parameters yield the strain components in the specimen. At the present time the sin 2 (ψ) method is probably the most popular technique used, it is very simple to use and the tabulation of the elastic constants for most materials of interest have been tabulated. This paper presents a different approach to x-ray stress analysis, which employs the lattice parameter ellipsoid. This method has proven to give results that are in good agreement with the conventional sin 2 (ψ) technique. However, it has one advantage over the sin 2 (ψ) technique, that is it integrates the data over many φ angles, where the sin 2 (ψ) technique only evaluates the data in one plane at a time.
ANALYTICAL PROCEDURE
Assume a sphere, with a radius "r" that is within a homogenous and isotropic body, which is then subjected to a state of stress. The sphere will be deformed into an ellipsoid. The semi-axes of the ellipsoid (the direction of the principle stresses) will have the values of (r + ε x ), (r + ε y ), and (r + ε z ), which will be replaced by d 
Hooke's Law, described by Eq. (8), enables us to determine the stress free lattice parameter and the magnitude of the principle stresses:
where ε i is the strain in the i direction, σ i is the stress in the i direction, E is Young's Modulus, and ν is Poisson's ratio. If we replace ε i with (a i -a 0 ) / a 0 and assume that σ z is zero, we obtain:
a z = a 0 -ν Μ x -ν M y where M x = a 0 σ x / E and M y = a 0 σ y / E. With three equations and three unknowns, we can now solve for a 0 , M x , and M y , and obtain σ x and σ y . Using the following Eq. (10), σ φ' can be evaluated as a function of φ′ in the plain of the specimen; σ φ′ = 1/2 (σ x + σ y ) + 1/2 (σ x -σ y ) cos(2φ′) (10)
EXPERIMENTAL PROCEDURE
Several specimens of 1018 plain carbon steel were sent to Rigaku X-ray in Japan, which were analyzed with the Rigaku MSF-3M X-ray stress analyzer. The specimens were place in a 4-point bending device to produce a tensile stress. The two-theta position of the (211) diffraction peak using chromium Kα radiation was determined at ψ angles of 0 to 45° in steps of 15°; this was carried out at φ angles of 0 to 180° in steps of 30°. The "d" values were determined from the peak positions, changed to the "a" values by multiplying the "d" values by √11, this data was fitted to Eq. (1) by the method of least squares to determine the coefficients A, B, C,…F.
A second technique was carried out at PanAnalytical on a (100) silicon wafer which had a thin film of silicon nitride deposited on one surface. In this case the "d" values of the [531] type poles were determined using cobalt radiation on the uncoated side. The (531) has a two-theta position of ~154.0 degrees with cobalt radiation, which gives good sensitivity. Fig. 2 is a stereographic projection of the (100) The magnitude of this stress (-26.10 MPa) on the uncoated side of the silicon wafer is much higher than expected. This result may be explained by the presence of residual stress due to polishing. This mater will be investigated further.
DISCUSSION OF RESULTS
The a results obtained from the lattice parameter ellipsoid method and the stress values obtained from the sin 2 ψ method are in very good agreement for the 1018 plain carbon steel. The data obtained on the silicon wafer was not that which was expected, however the results from the Lattice Parameter Ellipsoid is in excellent agreement with the sin 2 (ψ) technique. It is clear that more work must be done in this area.
CONCLUSIONS
The different approach to X-ray stress analysis described in this paper has proven to be an easy and sensible technique to use for the analysis of residual stresses. The concept of the "Lattice Parameter Ellipsoid" gives a unique view of the lattice parameter distribution as a function of φ and ψ in a specimen that contains a state of residual stress. The principle advantage of this technique over the sin 2 (ψ) method is that it integrates over many "d" or "a" values in the 3 to 6 φ sections to determine the principle axes of the ellipsoid.
